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Background:
PDMS (Polydimethylsiloxane), known as silicone, is a polymeric
organic silicon compounds which contains repeating units of
(CH3)2 SiO, as it shown in figure 1.
PDMS is a widely used silicon elastomeric compound. Some of its
common uses include Medical applications and BioMedical fields,
such as microfluidics, catheters, implants, valves, punctual plugs,
orthopedics, and personal care product1.
Properties of PDMS, such as low intermolecular interactions, low
surface tension, backbone flexibility and thermal stability, explain
its application to this wide array of fields.
PDMS is an excellent replacement for more expensive microfluidic
structures which are fabricated from glass and silicon2. The more
beneficial properties of PDMS include low cost and easy
fabrication method3; in addition, PDMS is
structurally similar to human soft tissue.
From a biomedical point of view; the
disadvantages of PDMS are poor wetting,
heterogeneous surface charge and poor cell adhesion2.

Objective:
The objective of this research was to investigate and study the
change of PDMS surface over time. For examining the aging,
samples of PDMS were used from the years of 2007, 2011 and 2013.
The fabrication of these samples was the same, and all were kept in
the same conditions.

INTRODUCTION:
Polydimethylsiloxane (PDMS) is an inexpensive, biocompatible,
self-sealable and elastic polymer which has been commonly used
in microfluidic-based analytical chemistry and bio-analytical
chemistry applications in the past decade10. In terms of its
application, it has an excellent optical transparency which allows
for easy device application, but it is extremely hydrophobic surface
makes filling the micron-sized channels difficult and minimal
surface charge which minimizes electroosmotic flow (EOF) 11.
In the first part of this practice we examined the contact angle of
water on three different samples of PDMS from the years of 2007,
2011 and 2013. This is clearly given us a perspective towards the
change regarding aging. In the second part of the research, the IR
spectrum was examined, but the difference was not clear.
In third section of this practice, the Zisman plot was examined.
There were three liquid used: water, Formamide, and Ethylene
Glycol. The surface tension of these liquids were defined
experimentally. These liquids are stable, have low volatility, low
viscosity, and are easy to purify, which make them useful for use in
contact angle goniometry.

Young’s Equation:
Contact Angle can be calculated by
Young’s Equation. This is shown in
figure 2.
There are three factors for determining
the contact angle; interfacial tension
corresponding to solid/gas, liquid/solid
and liquid/gas., as shown in figure 3.
Assumption was made for a completely flat surface.
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Method:

Hydrophilic & Hydrophobic Surfaces:
Figure 5 illustrates a liquid drop on a
hydrophilic surface. A contact angle less
than 90 degree is expected. The liquid has
a high wettability, high adhesiveness and
large solid surface free energy. As a
result, the liquid drop is strongly attached
to the surface.
Figure 4 depicts a liquid drop on a Hydrophobic surface. The liquid
drop is weakly attached to the surface.
The wettability, adhesiveness and
solid surface free energy are poor. The
liquid is round, more circular. The contact
angle is high, more than 90 degrees.

Measurement:
Techniques:
Contact angle can be measured by placing a drop on a solid surface
and measuring the resultant contact angle by image analysis.. This
method is known as Sessile drop technique. The sessile drop
technique is mainly focused on the characterization of solid surface
energies and is highly used in membrane research.
.

Goniometer Method:

PDMS samples were fabricated by Sylgard 184 base polymer and
curing agent in the ratio of 10:1. The mixtures were mixed well
about 3 to 5 minutes. The mixture were placed in a Petri dish and
dried over night.
Contact angle is the study of surface of a chemical substance.
Contact angle is the angle measured where the liquid meet the solid
surface. The ability of a solid surface to get wet by a liquid is
calculated by the Young’s equation.
Three factors will be considered in measuring contact angle; the
surface free energies between the liquid, solid and surrounding
vapor. Contact Angle is highly used in membrane material science to
distinguish hydrophilicity and hydrophobicity.

Result and data:
Teflon vs PDMS:

Ramé-hart (Figure 6)
Model 190 CA (Contact Angle)
Goniometer (p/n 190-F2)
Includes DROPimage CA, LED
illuminator and high performance
F2 Series digital camera.

Advantage/Disadvantage of
Goniometer:
Advantage:
Disadvantage:
Availability of large solid surface. If the sample is not large enough
High repetition: Numerous
for more than one drop, the
numbers of drops can be placed heterogeneity cannot be defined.
in different location of the sample
to determine the heterogeneity.

In this section, we focused on three liquids: water, formamide and
ethylene glycol. The surface tension of all these were defined
experimentally, and the contact angle measurement observed. As it
is shown in the graph 3, the surface tension changes with respect to
time. The 2013 PDMS is clearly illustrating a significant difference
comparing the other two, and the 2013 sample has the lowest
change over time.

Conclusion:

each solid phase. In this study, it was crucial to control our data with
another surface point (Teflon) to check our work every time working
with the CA (Contact Angle) Goniometer.

We were able to find some answers for our questions, but this
research needs future investigation to draw a clear image of the
surface chemistry on the microscopic level. The Zisman plot
demonstrates differences between the PDMS surfaces with respect
to time. The liquids used for the Zisman plot were polar, therefore;
there is greater correlation for the older samples. On the other
hand, comparing only one liquid, for instance water as it shown in
graph 1 and 2, the old samples have a higher standard deviation,
which means the surface loses some of its homogeneity with
respect to time.

Comparison of PDMS Over time:

Improvement:

In this run, the PDMS was cut fresh
and then examined. W examined the
contact angle of water with a sample
of PDMS which was two days old.
There were 36 measurements for

The simplest way of measuring contact angle with a goniometer can
be found by measuring the contact angle visually.
Drops will be placed by a syringe on the solid surface.
A high resolution camera will capture the image and analysis of the
measurement will be calculated by the software program.
In our research we used RAME HART Model 190 Goniometer.

Rame Hart:

Zisman Plot:

Three years of PDMS sample of years of 2007, 2011 and 2013 were
examined. The contact angles of water on PDMS were calculated for
36 drops using Sessile method.
In the first run (Graph, 1), the PDMS samples were cut and the
contact angles were measured immediately, however in the second
run (Graph, 2) the same pieces were examined, after they were stored
in a petri dish for one week.
The results from both runs clearly show the decreasing contact angle,
over the time with the hydrophilic liquid (water). In addition the
standard deviation increases over time; the surface loses its stability
and constancy, therefore drops in different areas of the surface
experience a difference in contact angles. In this study we are
focusing on the whole surface of the piece, to better examine the
surface chemistry in the molecular perspective.

Zisman Plot:
This technique will be used for finding the material’s surface tension.
In this method the experimental surface tension of the liquid is lower
than or equal to the solid phase which is spreading.
The value of the surface tension of the liquid that is equal to the
analyzed material is called the critical surface tension.

For consistency in making PDMS; when mixing the samples, or
making the ratio of base and curing agent, slight differences may
result in inconsistency of control. Thus, it is crucial to obey the
procedure. The surface of any material or substance might not be
constant at the molecular chemical level, which makse our research
extremely difficult to study and examine, however; we neglect this
factor by using the average of at least six drops in different areas of
the surface for each sample.
Perform this experiment in a highly isolated lab to minimize
evaporation of the liquid, while measuring the contact angle.
Avoiding A/C or fans close by Goniometer to reduce the vibration of
the drop on the surface. This will help the camera take a clear,
focused picture for an accurate contact angle.
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